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A QUARTERLY REVIEW

OF

PSYCHOLOGY AND PHILOSOPHY.

I.—THE PEECEPTION OP 8PACE. (HI.)1

By Professor WILUAM JAMES.

4. Visual Space.

IT is when we come to analyse minutely the conditions of
visual perception that difficulties arise which have made
psychologists appeal to new and quasi - mythical mental
powers. But I firmly believe that even here exact investi-
gation will yield the same verdict as in the cases studied
hitherto. This subject will close our survey of the facts, and
if it give the result I foretell, we shall be in the best of
positions for a few final pages of critically historical review.

If a common person is asked how he is enabled to see
things as they are, he will simply reply—by opening his
eyes and looking. This innocent answer has, however, long
since been impossible for science. There are various para-
doxes and irregularities about what we appear to perceive
under seemingly identical optical conditions, which imme-
diately raise questions.. To say nothing now of tho time-
honoured conundrums of why we see upright with an
inverted retinal picture, and why we do not see double;
and to leave aside the whole field of colour-contrasts and

1 Continued from Mnro Noa. 46, 46.
21
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ambiguities, as not directly relevant to the space-problem ;
it is certain that the same retinal image makes us see quite
differently-sized and differently-shaped objects at different
times, and it is equally certain that the same ocular move-
ment varies in its perceptive import. It ought to be
possible, were the act of perception completely and simply
intelligible, to assign for every distinct judgment of size,
shape and position, a distinct optical modification of some
kind as its occasion. And the connexion between the two
ought to be so constant that, given the same modification,
we should always have the same judgment But if we
study the faots closely we soon find no such constant con-
nexion between either judgment and retinal modification, or
judgment and muscular modification, to exist. The judgment
seems to result from the combination of retinal, muscular
and intellectual factors with each other; and any one of
them may occasionally overpower the rest in a way which
seems to leave the matter subject to no Bimple law.

The scientific study of the subject, if we omit Descartes,
began with Berkeley, and the particular perception he
analysed in his New Theory of Vision was that of distance
or depth. Starting with the physical assumption that a
difference in the distance of a point can make no difference
in the nature of its retinal image, since " distance being a
line directed endwise to the eye, it projects only one point
in the fund of the eye-^-which point' remains invariably the
same, whether the distance be longer or shorter," he con-
cluded that distance could not possibly be a visual sensation,
but must be an intellectual "suggestion" from "custom"
of some non-visual experience. According to Berkeley this
experience was tactile. His whole treatment of the subject
was excessively vague—no shame to him, as a breaker of
fresh ground—but, as it has been adopted and enthusiastically
hugged in all its vagueness by nearly the whole line^of British
psychologists who have succeeded him, it will be well for
us to begin our study of vision by refuting his notion that
depth cannot possibly be perceived in terms of purely visual
feeling.

(a) The Third Dimension.

Berkeleyans unanimously assume that no retinal sensa-
tion can primitively be voluminous; if it be extended at all
(which they are barely disposed to admit), it can be extended
only in the first two dimensions, not in the third. At start-
ing we have denied this, and adduced facts to show that all
sensations are voluminous in three dimensions. I t is
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THE PERCEPTION OF SPACE, (m. ) 323

impossible to lie on one's back on a bill, to let the empty
abyss of blue fill one's whole visual field, and to sink deeper
and deeper into the merely sensational mode of conscious-
ness regarding it, without feeling that an indeterminate,
palpitating, circling depth is as indefeasibly one of its attri-
butes as its breadth. We may artificially exaggerate this
sensation of depth. Bise and look from the hill-top at the
distant view; represent to yourself as vividly as possible the
distance of the uttermost horizon; and then with inverted
head look at the same. There will be a startling increase in
the perspective, a most sensible recession of the maximum
distance; and as you raise the head you can actually see
the horizon-line again draw near.1

Mind, I say nothing as yet about our estimate of the
' real' amount of this depth or distance. I only want to
confirm its existence as a natural and inevitable optical
consort of the two other optical dimensions. The field of
view is always a volume-unit. Whatever be supposed to be
its absolute and ' real ' size, the relative sizes of its dimen-
sions are functions of each other. Indeed, it happens per-
haps most often that the breadth- and height-feeling take
their absolute measure from the depth-feeling. If we plunge
our head into a wash-basin, the felt nearness of the bottom
makes us feel the lateral expanse to be small. If, on the
contrary, we are on a mountain-top, the distance of the
horizon carries with it in our judgment a proportionate
height and length in the mountain-chains that bound it to
our view. But as aforesaid, let us not consider the question

1 What may be the physiological process connected with this increased
sensation of depth, is hard to discover. • It seems to have nothing to do with
the parts of the retina affected, since the mere inversion of the picture (by
mirrors, reflecting prisms, &c), without inverting the head, does not seem
to bring it about; nothing with sympathetic aiial rotation of the eyes,
which might enhance the perspective through exaggerated disparity of
the two retinal images (see J. J. MUller, "Kaddrehung a. Tiefendimen-
sion," Sticht. Aead. BenehU, 1875, page 126), for one-eyed persons,get
it as strongly as those with two eyes. I cannot find it to be connected
with any alteration in the pupil or with any ascertainable strain in the
muscles of the eye, sympathising with those of the body. The exaggera-
tion of distance u even greater when we throw the head over backwards
and contract our superior recti in getting the view, than when we bend
forward and contract the inferior recti. Making the eyes diverge slightly
by weak prismatic glasses has no such effect. To me, and to all whom I
have asked to repeat the observation, the result is so marked that I do not
well understand how such an observer as Helmholtz, who has carefully
examined vision with inverted head can have overlooked i t (See his
Phy*. Optik, pp. 433, 723, 728, 772.) I cannot help thinking that anyone
who can explain the exaggeration of the depth-sensation in this case, will
at the same time throw much light on its normal constitution.
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of absolute size now, — it must later be taken up in a
thorough way. Let us confine ourselves to the way in
which the three dimensions seen get their values fixed,
rdativdy to touch other.

Reid, in his Inquiry into the Human Mind, has a section
" Of the Geometry of Visibles," in which he assumes to trace
what the perceptions would be of a race of ' Idomenians'
reduced to the sole sense of sight. Agreeing with Berkeley
that sight alone can give no knowledge of the third dimension,
he humorously deduces various ingenious absurdities in their
interpretations of the material appearances before their eyea

Now I firmly believe, on the contrary, that one of Reid's
Idomenians would frame precisely the same conception of
the external world that we do, if he had our intellectual
powers.1 Even were his very eyeballs fixed and not movable
like ours, that would only retard, not frustrate, his education.
For the same object, by alternately covering in its lateral
movements different parts of his retina, would determine
the mutual equivalencies of the first two dimensions of the
field of view ; and by exciting the physiological cause of his
perception of depth in various degrees, it would establish a
scale of equivalency between the first two and the third.

First of all, one of the sensations given by the object
is chosen to represent its ' real' size and shape, in accord-
ance with the principles laid down on pp. 191 and 193.
One sensation measures the ' thing' present, and the
' thing' then measures the other sensations. The peri-
pheral parts of the retina are equated with the central by
receiving the image of the same object. This needs no
elucidation in case the object does not change its distance or
its front. But suppose, to take a more complicated case,
that the object is a stick, Been first in its whole length, and
then rotated round one of its ends; let this fixed end be the
one near the eye. In this movement the stick's image will
grow progressively Bhorter; its farther end will appear less
and less widely separated from the fixed near end; soon it
will be screened by it, and then re-appear on the opposite
side, and finally on that side resume its original length.
Suppose this movement to become a familiar experience;

1 "In Froriejfi Notizen, 1838, July, No. 133, is to be found a detailed
account, with a picture, of an Esthoman girl, Eva Lank, then 14 years old,
born with neither arms nor legs, which concludes with the following
words: ' According to the mother, her intellect developed quite as fast as
that of her brother and sisters; in particular, she came as quickly to a
right judgment of the size and distance of visible objects, although, of
course, she had no use of hands'." (Schopenhauer, Welt all fViiie, ii. 44.)
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THE PEECBPTION OF SPACE, (m.) 325

the mind will presumably react upon it after its usual
fashion (which is that of unifying all data which it is in any
way possible to unify), and prefer to consider it the move-
ment of a constant object rather than the transformation of
a fluctuating one. Now, the sensation of depth it receives is
awakened more by the far than by the near end of the
object. But how much depth ? What shall measure its
amount ? Why, at the moment the far end is ready to be
eclipsed, the difference of its distance from the near end's
distance must be judged equal to the stick's whole length ;
but that length has already been judged equal to a certain
optical sensation of breadth. Thus amounts of the visual
depth-feeling become signs of fixed amounts of the visual
breadth-feehng. The measurement of distance is, as Berke-
ley truly said, a result of suggestion and experience. But
visual experience alone is adequate to produce it, and this
he erroneously denied.

Suppose a colonel in front of his regiment at dress-parade,
and suppose he walks at right angles towards the midmost
man of the line ; the line will visibly shrink as he advances,
and at the same time the colonel will perceive his distance
from the extreme man at each end of the line to increase
relatively to his distance from the midmost man whom he
approaches. When he finally touches this midmost man,
his distance from the ends is felt by him to be at its maxi-
mum, although the line as a whole subtends hardly any
retinal angle. What distance shall he judge it to be ?
Why, hah' the length of the regiment as it was originally
6een, of course ; but this length was a moment ago a retinal
object spread out laterally before his sight. He has merely
.equated a retinal depth-feeling with a retinal breadth-feeling.
If the regiment moved, and the colonel stood still, the result
would be the same. In such ways as these, a creature
endowed with eyes alone could hardly fail of measuring out
all three dimensions of the space he inhabited. And we
ourselves, I think, although we viay often ' realise' distance
in locomotor terms (as Berkeley says we must always do), yet
do so no less often in terms of our retinal map, and always
in this way the more spontaneously. Were this not so, the
three dimensions could not possibly feel to us as homo-
geneous as they do, nor as commensurable inter se.

Let us, then, admit distance to be at least as genuinely
optical a content of consciousness as either height or breadth.
The question immediately returns, Can any of them be said
in any strictness to be optical sensations 1 We have contended
all along for the affirmative reply to this question, but must
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now cope with difficulties greater than any that have assailed
us hitherto.

A sensation is presumably the mental affection that
follows most immediately upon the stimulation of the sense-
tract Its antecedent is directly physical, no psychic links,
no acts of memory, inference or association intervening.
Accordingly, if we suppose the nexus between neural
process in the sense-organ on the one hand, and conscious
affection on the other, to be by nature uniform, the same
process ought always to give the same sensation; and conversely,
if what setms to be a sensation varies whilst the process in the
sense-organ remains unchanged, the reason is presumably that it
is really not a sensation but a higher mental product, whereof the
variations depend- on events occurring in other parts of the nervous
system than the sense-organ in question, probably higher cerebral
centres.

Now the size of the field of view varies enormously in all
three dimensions, without our being able to assign with any
defmiteness the process in the visual tract on which the
variation depends. We just saw how impossible such
assignment was in the case where turning down the head
produces the enlargement. In general, the maximum feeling
of depth or distance seems to take the lead in determining
the apparent magnitude of the whole field, and the two
other dimensions seem to follow. If, to use the former
instance, I look close into a wash-basin, the lateral extent of
the field shrinks proportionately to its nearness. If I look
from a mountain, the things seen are vast in height and
breadth, in proportion to the farness of the horizon. But
when we ask what changes in the eye determine how great
this maximum feeling of depth or distance (which is un-
doubtedly felt as a unitary vastness) shall be, we find
ourselves quite unable to point to any one of them as being
its absolutely regular concomitant. Convergence, accom-
modation, double and disparate images, differences in the
parallactic displacement when we move our head, faintness
of tint, dimness of outline, and smallness of the retinal
image of objects named and known, are all processes that
have something to do with the perception of ' far' and of
' near ' ; but the effect of each and any one of them in
determining such a perception at one moment, may at
another moment be reversed by the presence of some other
sensible quality in the object, that makes us, evidently by
reminding us of past experience, judge it to be at a different
distance and of another shape. If we paint the inside of a
pasteboard mask like the outside, and look at it with one
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eye, the accommodation- and parallax-feelings are there, but
fail to make us see it hollow, as it is. Our mental knowledge
of the fact that human faces are always convex, overpowers
them, and we directly perceive the nose to be nearer to us
than the cheek instead of farther of.

The other organic tokens of farness and nearness are
proved by similar experiments (of which we shall ere long
speak more in detail) to have an equally fluctuating import.
They lose all their value whenever the collateral circum-
stances favour a strong intellectual conviction that the object
presented to the gaze contradicts their verdict—cannot be
either what or where they, if left to themselves, would make
us perceive it to be.

Now the query immediately arises: Can the feelings of
these processes in the eye, if they are so easily neutralised
and reversed by intellectual suggestions, ever have been
•direct sensations of distance at all? Ought we not rather
to assume, since the distances we see in spite of them are
•conclusions from past experience, that the distances /we see
by means of them are equally such conclusions ? Ought
we not in short to say unhesitatingly that distance must be
an intellectual and not a sensible content of consciousness ?
and that each of these eye-feelings serves as a mere signal
to awaken this content, our intellect being so framed that
sometimes it notices one signal more readily and sometimes
Another ?

Beid long ago (Inquiry, c. vi. sec. 17) said, " I t may be
taken for a general rule, that things which are produced by
•custom may be undone or changed by disuse or by contrary
•custom. On the other hand, it is a strong argument that
an effect is not owing to custom, but to the constitution of
nature, when a contrary custom is found neither to change
nor to weaken it." More briefly, a way of seeing things that
can be unlearned was presumably learned, and only what we
•cannot unlearn is instinctive.

This seems to be Helmboltz's view, for he confirms Beid's
maxim by saying in emphatic print, " No elements in our
perception can be sensational which may be overcome or
reversed by factors of demonstrably experimental origin.
Whatever can be overcome by suggestions of experience
must be regarded as itself a product of experience and
custom. If we follow this rule it will appear that only
qualities are sensational, whilst almost all spatial attributes
are results of habit and experience."*

1 PhysioL Optik, p. 438. Helmholtz's reservation of ' qualities' is incon-
sistent. Our judgments of light and colonr vary as much as our judgments
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This passage of Helmholtz's has obtained, it seems to me,
an almost deplorable celebrity. The reader will please
observe its very radical import. Not only would he, and
does he, for the reasons we have just been ourselves con-
sidering, deny distance to be an optical sensation; but,
extending the same method of criticism to judgments of
size, shape and direction, and finding no single retinal or
muscular process in the eyes to be indissolubly linked with
any one of these, he goes so far as to say that all optical
space-perceptions whatsoever must have an intellectual
origin, and a content that no items of visual sensibility can
account for.1

As Wundt and others agree with Helmholtz here, and as
their conclusions, if true, are irreconcilable with all the sen-
sationalism which I have been teaching hitherto, it clearly
devolves upon me to defend my position against this new
attack. The wisest order of procedure seems this : first,
Reid's and Helmholtz's principle for distinguishing between
what is sensible and what is intellectual, must be disproved
by showing cases of other senses than sight in which it is
violated; secondly, we must review the further facts of vision
to which the principle is supposed to apply (— this will be
the longest segment of our task); and thirdly, it must be
shown that the facts admit of another interpretation com-
pletely in accordance with the tenor of the space-theory we
nave ourselves defended hitherto. I think we 3hall, without
extreme difficulty, make good all the parts of this perhaps
presumptuous-sounding program.2

of size, shape and place, and ought by parity of reasoning to be called in-
tellectual product* and not sensations. In other places he does treat colour
as if it were an intellectual product

1 It is needless at this point to consider what Helmholtz's views of the
nature of the intellectual space-yielding process may be. He vacillates—
we shall later see how.

1 Before embarking on this new topic it will be well to shelve, once for
all, the problem of what is the physiological process that underlies the
distance-feeling. Since one-eyed people have it, and are only inferior to-
the two-eyed in measuring its gradations, it can have no exclusive con-
nexion with the double and disparate images produced by binocular parallax.
Since people with closed eyes, looking at an after-image, do not usually
see it draw near or recede with varying convergence, it cannot be simply
constituted by the convergence-feeling. For the same reason, the feeling of
accommodation cannot be identical with the feeling of distance. The
differences of apparent parallactic movement between far and near objecte-
as we move our head, cannot constitute the distance-sensation, for such dif-
ferences may be easily reproduced experimentally (in the movements of
visible spota against a background) without engendering any illusion of
perspective. Finally, it is obvious that visible faintness, dimness and
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THE PERCEPTION OH SPACE, ( m . ) 329

(J) Suggested Feelings can overpower Present Feelings.

First, then, is it impossible that actual present sensations
can be altered by suggestions of experience ? In the case of
hallucinations, we perfectly well know that the retinal image
of the side of a room can be blotted out of view by an over-
excitement of the cerebral sight-centres. And, as Stumpf
remarks (Ursprung der Baumvorstellung, 210), hallucinations
shade gradually into the illusions of everyday life. The
filling-out of the blind spot is a permanent hallucination.

smallness are not per $e the feeling of visible distance, however much in the
case of well-known objects they may serve as signs to suggest i t

A certain minimum distance-value, however, being given to the field of
view of the moment, whatever it be, the feelings that accompany the pro-
cesses just ekpmerated, become so many local tigru of the gradation of dis-
tances .'within this maximum depth. They help us to subdivide and
measure it Itself, however, is felt as a unit, a total distance-value, deter-
mining ttie vastness of the whole field of view, which accordingly appears
as an abyss of a certain volume. And the question still persists, what
neural process is it that underlie* the sense of this distance-value ?

Hering, who has tried to explain the gradations within it by the inter-
action of certain native distance-values belonging to each point of the two
retina?, seems willing to admit that the abtolute scale of the space-volume
within which the natively fixed relative distances shall appear is not fixed,
but determined each time by "experience in the widest sense of the word"
(Beitrtige, p. 344). What he calls the Kernpwnki of this space-volume,
is the point we are momentarily fixating. The absolute scale of the whole
volume depends on the absolute distance at which this Kernpunkt is judged
to lie from the person of the looker. " By an alteration of the localisation
of the Kernpunit, the inner relations of the seen space are nowise altered ;
this space in its totality is as a fixed unit, so to speak, displaced with
respect to the self of the looker " (p. 346). But what constitutes the localisa-
tion of the Kernpunkt itself at any given time, except " Experience," i.e.,
higher cerebral and intellectual processes, involving memory, Hering does
not seek to define.

Stumpf, the other sensationalist writer who has best realised the diffi-
culties of the problem, thinks that the primitive sensation of distance
must have an immediate physical antecedent, either in the shape of " an
organic alteration accompanying the process of accommodation, or else
given directly in the specific energy of the optic nerve." In contrast with
Hering, however, he thinks that it is the absolute distance of the spot
fixated which is thus primitively, immediately and physiologically given,
and not the relative distances of other things about this spot. These, he
thinks, are originally seen in what, broadly speaking, may be termed one
plane with it. Whether the distance of this plane, considered as a pheno-
menon of our primitive sensibility, be an invariable datum, or snsceptible
of fluctuation, he does not, if I understand him rightlv, undertake dogma-
tically to decide, but inclines to the former view, for him then, as for
Hering, higher cerebral processes of association, under the name of " Expe-
rience, are the authors of fully one-half part of the distance-perceptions
we at any given time may have.

Bering's and Stumpfs theories are reported for the English reader by
Mr. Sully (in MIND in., pp. 172-6). Mr. Abbott, in his Sight and Touch
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Paces, colours, shapes, change in the twilight, according as
we imagine them to represent this or that object. Motion-
less things appear to move under the same circumstances.
The colour of the marginal field of view is seen like that of
the central in the absence of any reason why we should
judge it different (as in looking at the blue sky or a white
wall), though a small marginal patch seen alone would be
quite different. Colour is surely a sensation !

But leave the optical realm, where everything has been
made doubtful. Touch is a sensation; yet who has not felt

(pp. 86-8), gives a theory which is to me eo obscure that I only refer the
reader to its place, adding that it seems to make of distance a fixed function
of retinal sensation as modified by focal adjustment. Besides these three
authors I am ignorant of any, except Pannni, who may have attempted to
define distance as in any degree an immediate sensation. And with them
the direct sensational share is reduced to a very small proportional part, in
our completed distance-judgments.

Professor Lipps, in his singularly acute Ptyehologitche Studien (pp. 69 ff.),
argues, as Ferrier, in his review of Berkeley (Philosophical Bemaint, ii.
330 ff.), had argued before him, that it is logically impossible we should
perceive the distance of anything from the eye by sight; for a teen distance
can only be between teen termini ; and one of the termini, in the case of
distance from the eye, is the eye itself, which is not seen. Similarly of the
distance of two points behind each other: the near one hidet the far
one, no space is seen between them. For the space between two objects to
be seen, both must appear betide each other, then the space in question will
be visible. On no other condition is ita visibility possible. The conclusion
is that things can properly be seen only in what Lipps calls a surface, and
that our knowledge of the third dimension must needs be conceptual, not
sensational or visually intuitive.

But no arguments in the world can prove a feeling which actually exists
to be impossible. The feeling of depth or distance, of farness or awoynesa,
does actually exist as a fact of our visual sensibility. All that Professor
Lipps^s reasonings prove concerning it is that it is not linear in its character,
or in its immediacy fully homogeneous and consubstantial with the feeling
of lateral distance between two seen termini; in short, that there are two
sorts of optical sensation, each inexplicably due to a peculiar neural process.
The neural process is easily discovered, in the case of lateral extension or
spread-outness, to be the number of retinal nerve-ends affected by the
light; in the case of protension or mere farness, it is more complicated
and, as we have found, is still to seek. The two sensations unite in the
primitive visual bigness. The measurement of their various amounts
against each other obeys the general laws of all such measurements. We
discover their equivalencies by means of objects, apply the same units to
both, and translate them into each other so habitually that at last they get
to seem to us even quite similar in kind. This final appearance of homo-
geneity is doubtless much facilitated by the fact that in binocular vision
two points situated on the prologation of the optical axis of one of the eyes,
so that the near one hides the far one, are by the other eye seen laterally
apart. Each eye has in fnct a foreshortened Literal view of the other's line
of sight. In The Times for Feb. 8, 1884, is an interesting letter by J. D.
Dougal, who tries to explain by this reason why two-eyed rifle shooting
has such advantages over shooting with one eye closed,

2 2
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the sensible quality of touch change under his hand, as
sudden contact with something moist, or hairy in the dark,
awoke a shock of disgust or fear which faded into calm
recognition of some familiar object ? Even BO small a thing
as a crumb of potato on the table cloth, which we pick up,
thinking it a crumb of bread, feels horrible for a few moments
to our fancy, and different from what it is.

Weight or muscular feeling is a sensation; yet who has
not heard the anecdote of Wollaston when Sir Humphrey
Davy showed him the metal sodium which he had just
discovered ? " Bless me, how heavy it is," said Wollaston ;
showing that his idea of what metals as a class ought to be,
had falsified the sensation he derived from a very light sub-
stance.

Smell is a sensation; yet who does not know how a sus-
picious odour about the house changes immediately its
character the moment we have traced it to its perhaps
small and insignificant source? When we have caid the
faithless plumber for pretending to mend our drams, the
intellect inhibits the nose from perceiving the same unaltered
odour, until, perhaps, several days go by. As regards the
ventilation or heating of rooms, we are apt to feel for some
time as we think we ought to feel. If we believe the venti-
lator is shut, we feel the room close. On discovering it
open, the oppression disappears.1

Taste is a sensation; yet there are but few people, in tast-
ing wine, butter, oil, tea, meats, &c, who are not liable,
temporarily at any rate, completely to misjudge the quality of
what is in their mouth, through false expectation, or in con-

1 An extreme instance of the power of imagination over the sense ot
smell is given in the following extract: " A patient called at my office one
-day in a state of great excitement from the effects of on offensive odour in
"the horse-car she nad come in, and which she declared had probably ema-
nated from some very sick person who innst have been just carried in it.
There could be no donbt that something had affected her seriously, for she
was very pale, with nausea, difficulty in breathing, and other evidences of
bodily and mental distress. I succeeded, after some difficulty and time,
in quieting her, and she left, protesting that the smell was unlike anything
•she had ever before experienced and was something dreadful. Leaving
my office soon after, it so happened that I found her at the street corner,
waiting for a car: we thus entered the car together. She immediately
-called my attention to the same sickening odour which she had experienced
in the other car, nnd began to be affected the same as before, when I
pointed out to her that the smell was simply that which always emanates
from the straw which has been in stables. She quickly recognised it ac
the same, when the unpleasant effects which arose while she was possessed
•with another perception of its character at once passed away. (C. F
Taylor, Saltation and Pain, p. 37 ; N. Y., 1882.)
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sequence bf some authority in such matters, standing by
and dogmatically declaring the article to be different from
what it is. In the matter of taste, it seems to me that most
men are normally nearer to the trance-state than in respect
of their other sensations. ' Suggestion' influences them
more easily. The trance-subject's peculiarity is that-all sen-
sations are falsified and overpowered by the imagination. In
all men some sensations are. And between the two extremes
there are exemplifications of every intermediate degree.

As we approach the sense of Hearing, the conditions be-
come even more like those of sight, and the deceptions which
Beid's and Helmholtz's principle denies to t>e possible,
abound. Everyone must recall some experience in which
a sensation of sound altered its acoustic character as soon
as the intellect referred it to a different source. The other
day a friend was sitting in my room, when the clock, which
has a rich low chime, began to strike : " Hollo! " said he,
" hear that hand-organ in the garden," and was surprised
at finding the real source of the sound. I had myself some
years ago a very striking illusion of the sort. Sitting read-
ing late one night, I suddenly heard a most formidable noise
proceeding from the upper part of the house, which it seemed
to fill. It ceased, and in a moment renewed itself. I went
into the hall to listen, but it came no more. Resuming my
seat in the room, however, there it was again, low, mighty,
alarming, like a rising flood or the avant-courier of an awful
gale. It came from all space. Quite startled, I again went
into the hall, but it had already ceased once more. On
returning a second time to the room, I discovered that it was
nothing but the breathing of a little Scotch terrier which lay
asleep on the floor. The noteworthy thing is that as soon
as I recognised what it was, I was compelled to think it a.
different sound, and could not then hear it as I had heard it
a moment before.1

1 In an anecdote given by M. Delboeuf to prove a different point, this
was probably alBO the case, though it ia not 80 stated. " The illustrious
P. J. van Beneden, senior, was walking one evening with a friend along a
woody hill near Chaudfontaine. ' Don't you hear? said the friend, ' the
noise of a hunt on the mountain 1' M. van Beneden listens and distin-
guishes in fact the giving-tongne of the dogs. They listen some time,
expecting from one 'moment to another to see a deer bound by; but the
voice of the dogs seems neither to recede nor approach. At last a country-
man comes by, and they ask him who it is that can be hunting at this late
hour. But he, pointing to some puddles of water nenr their feet, replies :
1 Yonder little animals are what you hear'. And there there were in fact
a number of toads of the species Bombinator igneus. . . . This batrachian
emits at the pairing season a silvery or rather crystalline note. . . . Sad
and pure, it is a voice in nowise resembling that of hounds giving chase."
(Examen Oritiqut de la Loi Ptychophytique, 1883, p. 61.)
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These examples, to which I could easily add others if I
had room, are perhaps sufficient to break down in the
reader's mind the authority of a dictum which has been
left so strangely unquestioned. So far from its being true,
as Helmholtz says, that a genuine present sensation
cannot have its character transformed by suggestions from
past experience, it would seem as if the exact contrary
were the rule, and as if, with Stumpf,1 we might reverse
Hehnholtz's-query, and ask : "What would become of our
sense-perceptions in case experience were not able so to
transform them?" Adding, "All wrong perceptions that
depend on peculiarities in the organs are more or less per-
fectly corrected by the influence of imagination following
the guidance of experience ".

If, therefore, among the facts of optical space-perception
(which we must now proceed to consider in more detail) we
find instances of an identical organic eye-process, giving us
different perceptions at different times, in consequence of
different collateral circumstances suggesting different objec-
tive facts to our imagination, we must not hastily conclude,
with the school of Helmholtz and Wundt, that the organic
eye-process pure and simple, without the collateral circum-
stances, is incapable of giving us any sensation of a spatial
kind at alL "We must rather seek to discover by what means
the circumstances can so have transformed a space-sensation,
which, but for their presence, would probably have been felt in
its natural purity. And I may as well say now in advance,
that we shall find the means to be nothing more or less than
association—the suggestion to the mind of optical sensations
not actually present, but more habitually associated with the
" collateral circumstances " than the one which they now
displace. But before this conclusion emerges, it will be
necessary to have reviewed the most important facts of
optical space-perception, in relation to the organic conditions
on which they depend. Beadera acquainted with German
optics will excuse what is already familiar to them in the
following section.

(c) The Two Theories of Retinal Perception.

Let us begin the long and rather tedious inquiry by the
most important case. Physiologists have long sought for a
simple law by which to connect the seen direction and
distance of objects with the retinal impressions they pro*

'Op.eAp.214.
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duce. Two principal theories have been held on this matter,
the " theory of identical points," and the " theory of projec-
tion "—each incompatible with the other, and each beyond
certain limits becoming inconsistent with the facts.

The theory of identical points starts from the truth that
on both retinae an impression on the upper hah' makes us
perceive an object as below, on the lower hah0 as above, the
horizon ; and on the right half an object to the left, on the
left half one to the right, of the median line. Thus each
quadrant of one retina corresponds as a whole to the similar
quadrant of the other; and within two similar quadrants,

Fig. 1.

al and ar, for example, there should, if the correspondence
were consistently carried out, be geometrically similar points
which, if impressed at the same time by light emitted from
the same object, should cause that object to appear in the
same direction to either eye. Experiment verifies this
surmise. If we look at the starry vault with parallel eyes,
the stars all seem single; and the laws of perspective show
that under the circumstances, the parallel hght rays coming
from each star must impinge on points within either retina
which are geometrically similar to each other. The same
result may be more artificially obtained. If we take two
exactly similar pictures, smaller, or at least no larger, than
those on an ordinary stereoscopic slide, and if we look at
them as stereoscopic slides are looked at, that is, at one with
each eye (a median partition confining the view of either eye
to the picture opposite it), we shall see but one flat picture,
all of whose parts appear sharp and single.1 Identical points

. 1 Just so, a pair of spectacles held an inch or so from the eyes seem like
one large median glass. The faculty of seeing stereoscopic slides single
without an instrument, is of the utmost utility to the student of physio-
logical optics, and persons with strong eyes can easily acquire i t The
<yuy difficulty lies in dissociating the degree of accommodation from the
degree"of convergence which it usually accompanies. If the right picture
is focusBed by the right eye, the left bjj the left eye, the optic axes must
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being impressed, both eyes see their object in the same
direction, and the two objects consequently coalesce into
one.

The same thing may be shown in still another way.
With fixed head converge the eyes upon some conspicuous
objective point behind a pane of glass; then close either
eye alternately and make a little ink-mark on the glass
' covering ' the object as seen by the eye which is momen-
tarily open. On looking now with both eyes the ink-marks
will seem single, and in the same direction as the objective
point. Conversely let the eyes converge on a single ink-spot
on the glass, and then by alternate shutting of them let it
be noted what objects behind the glass the spot covers to
the right and left eye respectively. Now with both eyes
open, both these objects and the spot will appear in the
same place, one or other of the three oecoming more distinct
according to the fluctuations of retinal attention.1

Now what is the direction of this common place ? The
only way of defining the direction of an object is by pointing
to it. Most people, if asked to look at an object over the
horizontal edge of a sheet of paper which conceals their
hand and arm, and then to point their finger at it, raising
the hand gradually so that at last a finger-tip will appear
above the sheet of paper, are found to place the finger not
between either eye and the object, but between the latter
and the root of the nose, and this, whether both eyes or
either alone be used. Hering and Helmholtz express this
by saying that we judge of the direction of objects as they
would appear to an imaginary cyclopean eye, situated
between our two real eyes, and with its optical axis bisect-
ing the angle of convergence of the latter. Our two retina
act, according to Hering, as if they were superposed in the
place of this imaginary double-eye; we see by the corres-
ponding points of each, situated far asunder as they really
are, just as we should see if they were superposed and could
both be excited together.

either be parallel or converge upon an imaginary point some distance
behind the plane of the pictures, according to the size and distance apart
of the pictures. The accommodation, however, has to be made for the
plane of the pictures itself, and a near accommodation with a far-off
convergence is something that the ordinary use of our eyes never teaches
us to effect

1 These two observations prove the law of identical direction only for
objects which excite the fovere or lie in the line of direct looking. Ob-
servers skilled in indirect vision can, however, more or Ies3 easily verify
the law for outlying retinal point*.
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The judgment of objective singleness and that of identical
direction seem to hang necessarily together. And that of
identical direction seems to carry with it the necessity of a
common origin, between the eyes or elsewhere, from which
all the directions felt may seem to be estimated. This is
why the cyclopean eye is really a fundamental part of the
formulation of the theory of identical retinal points, and why
Hering, the greatest champion of this theory, lays so much
stress upon it.

It is an immediate consequence of the law of identical
projection of images on geometrically similar points that
images which fall upon geometrically disparate points of the
two retina should De projected in disparate directions and
that their objects should consequently appear in two places
or double. Take the parallel rays from a star falling upon
two eyes which converge upon a near object O, instead of
being parallel, as in the previously instanced case. If SL
and SB in Fig. 2 be the parallel rays, each of them will fall
upon the nasal half of the retina which it strikes.

Fig. 2.

But the two nasal halves are disparate, geometrically
symmetrical, not geometrically similar. The image on the
left one will therefore appear as if lying in a direction left-
ward of the cyclopean eye's line of sight; the image of the
right one will appear far to the right of the same direction.
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The star will in short be seen double,—' homonyznously'
double.

Conversely if the star be looked at directly with parallel
axes, O will be seen double, because its images will affect the
outer or cheek halves of the two retina, instead of one outer
and one nasal hah'. The position of the images will here be
reversed from that of the previous case. The right eye's
image will now appear to the left, the left eye's to the right
—the double images will be ' heteronymous'.

The same reasoning and the same result ought to apply
where the object's place with respect to the direction of the
two optic axes is such as to make its images fall not on
non-Bimilar retinal halves but on non-similar parts of nvmilnr
halves. Here of course the directions of projection will be
less widely disparate than in the other case, and the double
images should appear to. lie less widely apart.

Careful experiments made by many observers according to
the so-called haploscopic method confirm thiB law and show
that corresponding points, of single visual direction, exist upon
the two retinae. For the detail of these one must consult
the special treatises.

Note now an important consequence. If. we take a
stationary object and allow the eyes to vary their direction
and convergence, a purely geometrical study will show that
there will be some positions in which its two images impress
corresponding retinal points, but more in which they im-
press disparate points. The former constitute the so-called
horopter, and their discovery has been attended with great
mathematical difficulty. Objects or parts of objects which
lie in the eyes' horopter at any given time cannot appear
double. Objects lying out of the horopter would seem, if
the theory of identical points were strictly true, necessarily
and always to appear double.

Here comes the first great, conflict of the identity-theory
with experience. Were the theory true, we ought all to
have an intuitive knowledge of the horopter as the line of
distinctest vision. Objects placed elsewhere ought to seem,
if not actually double, at least blurred. And yet no living
man makes any such distinction between the parts of his
field of vision. To most of us the whole field appears single,
and it is only by rartv accident or by special education that
we ever catch a glimpse of a double image. In 1838,
Wheatstone, in his truly classical memoir on binocular vision
and the stereoscope,1 showed that, the disparateness of the

. > This essay, published-in the Phiiotophical Trantadiont, contain* the
germ of almost all the methods applied since to the study of optical percep-

22
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points on which the two images of an object fall does not
within certain limits affect its seen singleness at all, but
rather the distance at which it shall appear! Wheatstone
made an observation, moreover, which subsequently became
the bone of much hot contention, in which he strove to show
that not only might disparate images fuse, but images on
corresponding or identical points might be seen double.1

I am unfortunately prevented by the weakness of my own
eyes from experimenting enough to form a decided personal
opinion on the matter. It seems to me, however, that the
balance of evidence is against the Wheatstonian interpretat-
ion, and that disparate points may fuse, without identical
points for that reason ever giving double images. The two
questions, " Can we see single with disparate points ?" and
"Can we see double with identical points?" although at
the first blush they may appear, as to Helmholtz they
appear, to be but two modes of expressing the same in-
quiry, are in reality distinct. The first may quite well be
answered affirmatively and the second negatively.

Add to this that the experiment quoted from Helmholtz
above by no means always succeeds, but that many indi-
viduals place their finger between the object and one of their
eyes, oftenest the right.* Finally, observe that the identity-
theory, with its Cyclopean starting-point for all lines of
direction, gives by itself no ground for the distance on any
line at which an object shall appear, and has to be helped
out in this respect by subsidiary hypotheses, which, in the
hands of Hering and others, have Decome so complex as
easily to fall a prey to critical attacks ; and it will soon seem

tion. It seems a pity that England, leading off so brilliantly the modern
epoch of this study, should so quickly have dropped out of the field.
Almost all subsequent progress has been made in Germany, Holland and,
longo intervaUo, America.

1 This is no place to report this controversy, but a few bibliographic
references may not be inappropriate. Wheatstone's own experiment is in
section 12 of his memoir. In favour of his interpretation see Helmholtz,
Phy$. Opt., pp. 737-9 ; Wundt, PhytioL PtychoL, 2te Aufl., pp. 144 ; Nagel,
Sehen mit swti Augen, pp. 78-82. Against Wheatstone see Volkinnnn,
Arch. f. Ophth., v. 2-74 and Untertuchungen, p. 266 ; Hering, Beitrtige sur
Physiologie, 29-46, also in Hermann's Hdbch. d. PhytioL, Bd. iii., 1 Th ,
p. 435 ; Aubert, Phytiologie <L NcUhaut, p. 322 ; Schon, Arehiv. f. OphthaL,
xxiv., 1, p. 66-65 ; and Bonders, Ibid., xiiL, 1, p. 16 and note.

* When we see the finger the whole time, we usually put it in the line
joining object and left eye if it be the left finger, joining object and right
eye if it be the right finger. Microscopista, marksmen or persons one of
whose eyes is much better than the other almost always refer directions to
a single eye, as may be seen by the position of the shadow on their face
when they point at a candle-flame.
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as if the law of identical seen directions by corresponding
points, although a simple formula for expressing concisely
many fundamental phenomena, is by no means an adequate
account of the whole matter of retinal perception.1

Does the projection-theory fare any better? This theory
admits that each eye sees the object in a different direc-
tion' from the other, along the line, namely, passing from
the object through the middle of the pupil to the retina.
A point directly fixated is thus seen on the optical axes of
both eyes. There is only one point, however, which these
two optical axes have in common, and that is the point to
which they converge. Everything directly looked at is seen
at this point and is thus seen both single and at its proper
distance. It is easy to show the incompatibility of tnis
theory with the theory of identity. Take an objective point
(like 0 in Fig. 2, when the star is looked at) casting its
images R' and 1/ on geometrically dissimilar parts of the
two retina and affecting the outer half of each eye. On
the identity-theory it ought necessarily to appear double,
whilst on the projection-theory there is no reason whatever
why it should not appear single, provided only it be located
by the judgment on each line of visible direction, neither
nearer nor farther than its point of intersection with the
other line.

Every point in the field of view ought, in truth, if the
projection-theory were uniformly valid, to appear single,
entirely irrespective of the varying positions of the eyes, for
from every point of space two lines of visible direction pass
to the two retina ; and at the intersection of these lines, or
just where the point is, there, according to the theory, it
should appear. The objection to this theory is thus pre-
cisely the reverse of the objection to the identity-theory. If
the latter ruled, we ought to see most things double all the
time. If the projection-theory ruled, we ought never to see
anything double. As a matter of fact we get too few double

1 Professor Joseph Leconte, who believes strongly in the identity-theory,
has embodied the latter in a pair of laws of the relation between positions
seen single and double, near or far, on the one baud, and convergences and
retinal impressions, on the other, which, though complicated, seems to me
by far the best descriptive formulation yet made o* the normal facts of
vision. TTifl account is easily accessible to the reader in his volume Sight,
of the "International Scientific Series," bk. iL, c 3, so I say no more
about it now, except that it does not solve any of the difficulties we are
noting in the identity-theory, nor account for the other fluctuating percep-
tions of which we go on to treat
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images for the identity-theory, and too many for the pro-
jection-theory.

The partisans of the projection-theory, beginning with
Aguilomus, have always explained double images as the
result of an erroneous judgment of the distance of the object,
the images of the latter being projected by the imagination
along the two lines of visible direction either nearer or
farther than the point of intersection of the latter. A
diagram will make this clear.

Fig. 3.

O being the point looked at, M being an object farther,
and N an object nearer than it, will send the lines of visible
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direction MM and NN to the two retinae. If N be judged as
far as 0, it must necessarily he where the two lines of visible
direction NN intersect the plane of the arrow,: or in two
places, at N' and at N". If M be judged as' near as O, it most
for the same reason form two images at M' and M'.

It is, as a matter of fact, true that we often misjudge the
distance in the way alleged. If the reader will hold his fore-
fingers, one beyond the other, in the median line, and fixate
them alternately, he will see the -one not looked at, donble ;
and he will also notice that it appears nearer to the plane of
the one looked at, whichever the latter may be, than it really
is. Its changes of apparent size as the convergence of the
eyes alter, also prove the change of apparent distance. The
distance at which the axes converge seems, in fact, to exert
a sort of attraction upon objects situated elsewhere. Being
the distance of which we are most acutely sensible, it invades,
so to. speak, the whole field of our perception. If two half-
dollars be laid on the table a few inches apart, and the eyes
fixate steadily the point of a pen held in the median line at
varying distances between the coins and the face, there will
come a distance at which the pen stands between the left
half-dollar and the right eye, and the right half-dollar and
the left eye. The two half-dollars will then coalesce into
one; and this one will show its apparent approach to the
pen-point by seeming suddenly much reduced m size.1

Yet, in spite of this tendency to inaccuracy, we are never
actually mistaken about the naif-dollar being behind the
pen-point. It may not seem far enough off, t u t still it is
farther than the point. In general it may be said that where
the objects are known to us, no such illusion- of distance
occurs in any one as the theory would require. And in some
observers, Hering for example, it seems hardly to occur at
all. If I look into infinite distance and get my finger in
donble images, they do not seem infinitely far off. To make
objects at different distances seem equi-distant, careful pre-
cautions must be taken to have them alike in appearance,
and to exclude all outward reasons for ascribing to the one
a different location from that ascribed to the other. Thus
Donders tries to prove the law of projection by taking two
similar. electric sparks, one behind the other on a dark
ground, one seen double; or an iron rod placed so near to
the eyes that its double images seem as broad as that of a
fixated stove-pipe, the top and bottom of the objects being

1 Naturally it takes a smaller object at a less distance to cover by its
image a constant amfrunt of retinal surface.'
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cat off by screens so as to prevent all suggestions of perspec-
tive, &c. The three objects in each experiment seem in the
same place.1

Add to this the impossibility, recognised by all observers,
of ever seeing double with the fovece, and the fact that
authorities as able as those quoted in the note on Wheat-
stone's observation, deny that they see double then with
identical points, and we are forced to conclude that the pro-
jection-theory, like its predecessor, breaks down. Neither
formulates exactly or exhaustively a law for all our percep-
tions.

What does each theory try to do ? To make of seen loca-
tion a fixed function of retinal impression. Other facts may
be brought forward to show how far from fixed are the
perceptive functions of retinal impressions. We alluded a
while ago to the extraordinary ambiguity of the retinal image
as arevealer of magnitude. Produce an after-image of. the
sun and look at your finger-tip;—it will be smaller than
your nail. Project it on the table, and it will be as big as a
strawberry; on the wall, as large as a plate ; on yonder
mountain, bigger than a house. And yet it is an unchanged
retinal impression. Prepare a sheet with the following
figures strongly marked upon it, and get by direct fixation a
distinct after-image of each.

Fig. 4.

Project the after-image of the cross upon the upper left-
hand part of the wall, it will appear as in Fig. 5; on the upper
right nand it will appear as in Fig. 6. The circle similarly

Fig. 5. Fig. 6.

» ATchivf. OphihaL, Bd. xvii., Abth. 2, pp. 44-6 (1871).
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projected will be distorted into two different ellipses. If the
two parallel lines be projected upon the ceiling or floor far
in front, the farther ends will diverge; and if the three
parallel lines be thrown on the same surfaces, the upper pan-
will seem farther apart than the lower.

Adding certain lines to othera has the same distorting
effect. In what is known as Zollner's pattern (Fig. 7), the
long parallels tip towards each other the moment we draw
the short slanting lines over them, yet their retinal images
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are the same tney always were. A similar distortion of
parallels appears in Fig. 8.

Kg. a

Drawing a square inside the circle (Fig. 9) gives to the
outline of the latter an indented appearance where the

Snare's corners touch it. Drawing the radii, inside of one
the right angles in the same figure makes it seem larger
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Fig. 9.

than the other. In Fig. 10, the retinal image of the space
between the extreme dots is in all three lines the same, yet
it seems much larger the moment it is filled up with other
dots.

Fig. 10.

In the stereoscope certain pairs of lines which look single
under ordinary circumstances immediately seem double
when we add certain other lines to them.1

(d) Ambiguous Import of Eye-movements.

These facts show the indeterminateness of the space-
import of various retinal impressions. Take now the eye's
movements, and we find a similiar vacillation. When we follow
a moving object with our gaze, the motion is ' voluntary';
when our eyes oscillate to and fro after we have made our-
selves dizzy by spinning around, it is ' reflex'; and when
the eyeball is pushed with the finger, it is ' passive'. Now,
in all three of these cases we get a feeling from the move-
ment as it effects itself. But the objective perceptions to
which the feeling assists us are by no means the same. In
the first case we may see a stationary field of view with one

J Volhmflnn, p. 253.
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moving object in it; in the second, the total field swimming
more or less steadily in one direction; in the third, a sudden
jimp or twist of the same total field.

The feelings of convergence of the eyeballs permit of the
same ambiguous interpretation. "When objects are near we
converge strongly upon them in order to see them; when
far, we set our optic axes parallel. But the exact degree of
convergence fails to be felt; or rather, being felt, fails to tell
us the absolute distance of the object we are regarding.
Wheatstone arranged his stereoscope in such a way that the
size of the retinal images might change without the con-
vergence altering; or conversely, the convergence might
change without the retinal image altering. Under these
circumstances, he says,1 the object seemed to approach or
recede in the first case, without altering its size; in the
second, to change its size without altering its distance—just
the reverse of what might have been expected. Wheatstone
adds, however, that " fixing the attention " converted each
of these perceptions into its opposite. The same perplexity
occurs in looking through prismatic glasses, which alter the
eyes' convergence. We cannot decide whether the object
has come nearer, or grown larger, or both, or neither; and
our judgment vacillates in the most surprising way. We
may even make our eyes diverge, and the object will none
the less appear at a finite distance. When we look through
the stereoscope, tho picture seems at no determinate distance.
These and other facts have led Helmholtz to deny that the
feeling of convergence has any very exact value as a distance-
measurer.

With the feelings of accommodation it is very much the
same. Donders has shown* that the apparent magnifying
power of spectacles of moderate convexity hardly depends at
all upon their enlargement of the retinal image, but rather
on the relaxation they permit of the muscle of accommoda-
tion. This suggests an object farther off, and consequently
a much larger one, since its retinal size rather increases than
diminishes. But in this case the same vacillation of judg-
ment as in the previously mentioned case of convergence
takes place. The recession made the object seem larger,
but the apparent growth in size of the object now makes it
look as if it came nearer instead of receding. The effect
thus contradicts its own cause. Everyone is conscious, on

1 Philosophical Transaction*, 1852, p. 4.
* Anomalies of Accommodation and Refraction (New Sydcnham Soc.

TraasL), London, 1884, p. 155.
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first putting on a pair of spectacles, of a doubt whether the
field of view draws near or retreats.1

There is still another .deception, occurring in persona who
have had one eye-muscle suddenly paralysed. This deception
has led Wundt to affirm that .the eyeball-feeling proper, the
incoming sensation of effected rotation, tells us only of the
direction of our eye-movements,. but not of their whole
extent.8 For this reason, and because not only Wundt, but
many other authors, think the phenomena in these partial
paralyses demonstrate the existence of a feeling of lnner-
vation, a feeling of the outgoing nervous, current, opposed to
every afferent sensation whatever, it seems proper to note
the facts with a certain degree of detail.

Suppose a man wakes up some morning with the external
rectus muscle of his right eye half-paralysed, what will be
the result? He will be enabled only with great effort to
rotate the eye so as to look at objects lying far off to the
right. Something in the effort he makes will make him feel
as if the object lay much farther to the right than it really is.
If the left and sound eye be closed, and he be asked to touch
rapidly with his finger an object situated towards his right,
he will point the finger to the right of it. The current
explanation of the ' something' in the effort which causes
this deception is, that it is the sensation of the outgoing
discharge from the nervous centres, the " feeling of innerva-
tion," to use Wundt's expression, requisite for bringing the
open eye with its weakened muscle to bear upon the object
to be touched. If that object be situated 20 degrees to the
right, the patient has now to innervate as powerfully to turn
the eye those 20 degrees as formerly he did to turn the eye
30 degrees. He consequently believes as before that he has
turned it 30 degrees; until, by a newly acquired custom, he
learns the altered spatial import of all the discharges his
brain makes into his right abducens nerve.

The "feeling of innervation," maintained to exist by this
and other observations, plays an immense part in the space-
theories of certain philosophers, especially Wundt. I have
elsewhere tried to snow that the observations by no means

1 These strange contradictions have been called by Anbert " secondary "
deceptions of judgment. See QrundzUge d. Phyriologitchen Optik, Leipzig,
1876, pp. 601, 615, 627. One of the best examples of them is the small
size of the moon as first seen through a telescope. I t is larger and brighter,
so we see its details more distinctly and judge it nearer. But because we
judge it so much nearer we think it must have grown smaller. Cf. Char-
pentier in Jahrttb. x. 430.

1 Bevue Philotopltiqiu, iii. 9, p. 220.
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•warrant the conclusions drawn from them, and that the
feeling in question is probably a wholly fictitious entity.1

Meanwhile it suffices to point out that even those who set
most store by it are compelled, by the readiness with which
the translocation of the field of view becomes corrected and
further errors avoided, to admit that the precise space-
import of the supposed sensation of outgoing energy is as
ambiguous and indeterminate as that of any other of the eye-
feelingB we have considered hitherto.

I have now given what no one will call an under-state-
ment of the facts and arguments by which it is sought to
banish the credit of directly revealing space from each and
every kind of eye-sensation taken by itself. The reader will
Confess that they make a very plausible show, and most
likely wonder whether my own theory of the matter can
rally from their damaging evidence. But the case is far
from being hopeless; and the introduction of a discrimina-
tion hitherto unmade will, if I mistake not, easily vindicate
the view adopted in these pages, whilst at the same time it
makes ungrudging allowance for all the ambiguity and
illusion on which so much stress is laid by the advocates of
the intellectualwt theory.

(«) The Choice of the Visual Reality.

We have native and fixed optical space-sensations ; but ex-
perience leads us to select certain ones from among them to be the
exclusive bearers of reality: the rest become mere signs and suggesters
of these. The factor of selection, on which we have already
laid so much stress, here as elsewhere is the solving word of
the enigma. If Helmholtz, Wundt and the rest, with an
ambiguous retinal sensation before them, meaning now one
size and distance, and now another, had not contented them-
selves with merely saying :—The size and distance are not
this sensation, they are something beyond it which it merely
calls up, and whose own birth-place is afar—in ' synthesis'
(Wundt) or in ' experience' (Helmholtz) as the case may

1 Cp. " The Feeling of Effort" in the Anniversary Memoirt of the Bottom
Society of Natural History, Boston, 1880. The only fact I am acquainted
with which still seems to make for a feeling of innervation iB the illusion
of movement described by Mach on pp. 66-6 of his BeitrUge zur Analyte der
Empfindunqen (1886). Not having vet experimentally verified Mach's ob-
servation, I am unable to criticise his explanation of i t The consequence
is that the theory of the Innervations gefiihl has the last word in the discus-
sion. But its existence or non-existence is quite immaterial, as far as ray
own space-theory is concerned.
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be ; if they had gone on definitely to ask and definitely to-
answer the question, What are the size and distance in
their proper selves ? they would not only have escaped
the present deplorable vagueness of their space-theories, but
they would have seen that the objective spatial attributes
' signified' are simply and solely certain other optical sensations
now absent, but which the present sensations suggest.

What, for example, is the slant-legged cross which we
think we see on the wall when we project the rectangular
after-image high up towards our right or left (Figs. 5 and 6)?
Is it not in very sooth a retinal sensation itself? An
imagined sensation, not a felt one, it is true, but none the
less essentially and originally sensational or retinal for all
that,—the sensation, namely, we should receive if a ' real '
slant-legged cross stood on the wall in front of us and threw
its image on our eye. That image is not the one our retina
now holds. Our retina now holds the image which a cross
of square shape throws when in front, but which a cross of
the slant-legged pattern would throw, provided it were
actually on the wall in the distant place at which we
look. Call this actual retinal image the ' square' image.
The square image is then one of the innumerable images
the slant-legged cross can throw. Why should another one,
and that an absent one, of those innumerable images be
picked out to represent exclusively the slant-legged cross's
' true' shape ? Why should that absent and imagined
slant-legged image displace the present and felt square
image from our mind ? Why, when the objective cross
gives us so many shapes, as it varies its position, should
we think we feel the true shape only when the cross is1

directly in front? And when that question is answered,
how can the absent and represented feeling of a slant-
legged figure so successfully intrude itself into the place of
a presented square one ?

Before answering either question, let us be doubly sure
about our facts, and see how true it is that in our dealings
with objects we always do pick out one of the visual images
they yield, to constitute their real form or size.

The matter of size has been already touched upon (p. 192),
and no more need be said of it here. As regards Bhape,
almost all the retinal shapes objects throw are perspective
' distortions '. Square table-tops constantly present two
acute and two obtuse angles; circles drawn on our wall-
papers, pur carpets or on sheets of paper usually show like
ellipses; parallels approach as they recede; human bodies
are foreshortened ; and the transitions from one to another
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of these altering forms are infinite and continual. Out of
the flax however, one phase always stands prominent. It
ds the form the object has when we see it easiest and best;
and that is when our eyes and the object both are in what
may be called the ' normal' position. In this position our
head is upright and our optic axes either parallel or symmetri-
cally convergent; the plane of the object is perpendicular to
the visual plane ; and if the object is one containing many
lines it is turned so as to make them, as far as possible, either
parallel or perpendicular to the visual plane. In this situa-
tion it is that we compare all shapes with .each other; here
every exact measurement and decision is made.1

It is very easy to see why the normal situation should
have this extraordinary pre-eminence. First, it is the
position in which we easiest hold anything we are
examining in our hands ; second, it is a turning-point
between all right- and all left-hand perspective views of a
given " object; third, it is the only position in which
symmetrical figures seem symmetrical and equal angles
seem equal ; fourth, it is often that starting-point of
movements from which. the eve is least troubled by axial
rotations, by which superposition* of the retinal images, of
different lines and different parts of the same line is easiest
produced, and consequently t>y which the eye can make the
best comparative measurements in its sweeps. All these
merits single the normal position out to be chosen. No
other point of view offers so many sesthetic and practical
advantages. Here we believe we see the object as it is ;
elsewhere, only as it seems. Experience and custom soon
teach us, however, that the seeming appearance passes into
the real one by continuous gradations. They teach us,
moreover, that seeming and being may be strangely inter-
changed. Now a real circle may snde into a seeming ellipse;
now an ellipse may, by sliding in the same direction, become
a seeming circle; now a rectangular cross grows slant-legged;
now a slant-legged one grows rectangular.

Almost any form in oblique vision may be thus a derivative
of almost any other in ' primary' vision ; and we must learn,
when we get one of the former appearances, to translate it
into the appropriate one of the latter class; we must learn
of what optical ' reality' it is one of the optical signs.

1 The only exception seems to be when we expressly wish to abstract
from particulars, and to judge of the general 'effect*. Witness ladies
trying on new dresses with their heads inclined and their eyes askance ;
or painters in the same attitude judging of the ' values' in their picture*.

1 The importance of Superposition will appear later on.

23*
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Having learned this, we do bnt obey that law'of economy or
simplification which dominates onr whole psychic life, when
we attend exclusively to the ' reality ' and ignore as much
as our consciousness will let us the ' sign' by which we
came to apprehend it. The signs of each reality being
multiple and the ' reality' one and constant, We gain the
same mental relief by abandoning the former for the latter,
that we do when we abandon a mental image, with all its
fluctuating characters,, for the perfectly definite and un-
ohangeable name it suggests. Trie selection of the several
'normal ' appearances from out of the jungle of our optical
experiences, to serve as the real sights of which we shall
think, is psychologically a parallel phenomenon to the habit
of thinking in words, and has a like use. Both are substi-
tutions of terms few and fixed for terms manifold and Vague.

5. The IntdUetualist Theory of Space.

This service of sensations as mere signs, to be ignored
when they have evoked the other sensations which are their
significates, was noticed first by Berkeley and remarked in
many passages, as the following:—

" Signs, being little considered in themselves, or for their own sake, but
only in their relative capacity and for the sake of those things whereof they
are sifps, it comes to pass that the mind overlooks them, so as to carry its
attention immediately on to the things signified . . . which in truth
und strictness are not um, bat only suggested and apprehended by means of
the proper objects of sight which alone are seen (Divine Vintal Lan-
guage, S™)-

Berkeley of course erred in supposing that the thing sug-
gested was not even originally an object of sight, as the sign
now is which calls it up. Beid expressed Berkeley's principle
in yet clearer language:—

" The visible appearances of objects are intended by nature only as signs
or indications, and the mind passes instantly to the things signified, with-
out making the least reflection upon the sign, or even perceiving that there
is any such thing. . . . The mind has acquired a confirmed and in-
veterate habit of inattention to them ^the signs). For they no sooner appear
than, quick as lightning, the thing signified succeeds and engrosses all our
regard. They have no name in language ; and although we are conscious
of them when they pass through the mind, vet their passage is so quick
and so familinr that it is absolutely unheeded; nor do they leave any
footsteps of themselves, either i4 the memory or imagination -^{Inquiry,
chap; v., « 2, 3).

If we review the facts we shall find every grade of non-
attention between the extreme form of overlooking mentioned
by Beid (or forms even more extreme still) and complete
conscious perception- of the sensation present. Sometimes
it is literally impossible to become aware of the latter.

2 3 *
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Sometimes a little artifice or effort easily leads us to discern
it together, or in alternation, with the 'object' it reveals.
Sometimes the present sensation is held to be the object or
to reproduce its features in undistorted shape, and then, of
course, it receives the mind's full glare.

The deepest inattention is to subjective optical sensations,
strictly so called, or those which are not signs of outer objects
at all. Helmholtz's treatment of these phenomena, muscat
volitantes, negative after-images, double images, &c., is very
satisfactory. He says :—

" We only attend with any ease and exactness to our sensations in so far
forth as they can be utilised for the knowledge of outward things ; and
we are accustomed to neglect all those portions of them which have no
significance as regards the external world. So much is this the case that
for the most part special artifices and practice are required for the observa-
tion of these latter more subjective feelings. Although it might seem
nothing should be easier than to be conscious of one's own sensations,
experience nevertheless shows that often enough either a special talent like
that showed in eminent degree by Purkinje, or accident or theoretic
speculation, are necessary conditions for the discovery of subjective pheno-
mena. Thus, for example, the blind spot on the retina was discovered by
Maribtte by the theoretic way; similarly by me the existence of
' summation' tones in acoustics. In the majority of - cases accident is
what first led observers whose attention was especially exercised on
subjective phenomena to discover this one or that; only where the

. subjective appearances are so intense that they interfere with the per-
ception of objects are they noticed by all men alike. But if they have once
been discovered it is for the most part easy for subsequent observers who
place themselves in proper conditions and bend their attention in the right
direction to perceive them. But in many cases—for example, in the
phenomena of the blind spot, in the discrimination of overtones and
combination-tones from the ground-tone of musical sounds, &c.—such a
strain of the attention is required, even with appropriate instrumental
aids, that most persons faiL The very after-images of bright objects are
by most men perceived only under exceptionally favourable conditions,
and it takes steady practice to see the fainter images of this kind. It is a
commonly recurring experience that persons smitten with some eye-disease
which impairs vision suddenly remark for the first time the mutcae
volitantet which all through life their vitreous humour has contained, but
which they now firmly believe to have arisen since their malady ; the
truth being that the latter has only made them more observant of all their
visual sensations. There are also cases where one eye has gradually grown
blind, and the patient lived for an indefinite time without knowing it,
until, through t ie accidental closure of the healthy eye alone, the blind-
ness of the other was brought to attention.

" Most people when first made aware of binocular double images are
uncommonly astonished that they should never have noticed them before,
although all through their life they had been in the habit of seeing singly
only those few objects which were about equally distant with the point of
fixation, and the rest, those nearer and farther, which constitute the great
majority, had always been double.

"We must then learn to turn our attention to our particular sensations,
and we learn this commonly only for such sensations as are means of
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cognition of the outer world. Only BO far as they serve this end have our
sensations any importance for us in ordinary life. Subjective feelings are
mostly interesting only to scientific investigators ; were they remarked in
the ordinary use of the senses, they could only cause disturbance. Whilst,
therefore, we reach an extraordinary degree of fineness and security in
objective observation, we not only do not reach this where subjective
phenomena are concerned, but we actually attain in a high degree
the faculty of overlooking these altogether, and keeping ourselves inde-
pendent of their influence in judging of objects, even in cases where their
strength might lead them easily to attract our attention" (PhytioL
Oprtfc, pp. 431-2).

Even where the sensation is not merely subjective, as
in the cases of which Helmholtz speaks, but is a sign of
something outward, we are also liable, as Beid says, to
overlook its intrinsic quality and attend exclusively to the
image of the ' thing' it suggests. But here everyone can
easily notice the sensation itself if he will. Usually we see a
sheet of paper as uniformly white, although a part of it may
be in shadow. But we can in an instant, if we please, notice
the shadow as local colour. A man walking towards us does
not usually seem to alter his size; but we can by setting our
attention in a peculiar way, make him appear to do so. The
whole education of the artist consists in his learning to see
the presented signs as well as the represented things. No
matter what the field of view means, he sees it also as it feels—
that is, as a collection of patches of colour bounded by Knes—
the whole forming an optical diagram of whose intrinsic
proportions one who is not an artist has hardly a conscious
inkling. The ordinary man's attention passes over them to
their import; the artist's turns back and dwells upon them
for their own sake. ' Don't draw the thing as it is, but as it
looks ! ' is the endless advice of every teacher to his pupil;
forgetting that what it ' i s ' is what it would also ' look,'
provided it were placed in what we have called the 'normal'
situation for vision. In this situation the sensation as ' sign '
and the sensation as ' object' coalesce into one, and there is
no contrast between them.

But a great difficulty has been made of certain peculiar
cases which we must now turn to consider. They are cases
in which a present sensation, whose existence is supposed
to be proved by its outward conditions being there, seems
absolutely suppressed or changed by the image of the 'thing'
it suggests.

This matter carries us back to what was said on p. 327.
The passage there quoted from Helmholtz refers to these
cases. He thinks they conclusively disprove the original
and intrinsic spatiality of any of our retinal sensations ; for
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if such a one, actually present, had an immanent and
essential space-determination of its own, that might well he
added to and over-laid or even momentarily eclipsed by
suggestions of its signification, but how could it possibly be
altered or completely suppressed thereby? Of actually present
sensations, he says, being suppressed by suggestions of expe-
rience—

" We have not a' single well-attested example. In all those illusions
which are provoked by ttmationt in the absence of their usually exciting
objects, the mistake never vanishes by the better understanding of the
object really present, and by insight into the cause of deception. Phos-
phenes provoked by pressure on the eye-ball, by traction on the entrance
of the optic nerve, after-images, &c, remain projected into their apparent
place in the field of vision, just as the image projected from a mirror's
surface continues to be seen behind the mirror, although we know that to
all these appearances no outward reality corresponds. True enough, we
can remove our attention, and keep it removed, from sensations that have
no reference to the outer world, those, e.g., of the weaker after-images, and
of entoptic objects, &c. . . . But what would become of our perceptions
at all if we had the power not only of ignoring, but of traiufyrming into
their opposite!, any part of them that differed from that outward experience,
the image of which, as that of a present reality, accompanies them in the
mind " (Phynol Opt*, p. 817) t

And again : " On the analogy of all other experience, we should
expect that the conquered feelings would persist to our perception, even if
only in the shape of recognised illusions. But this is not the case. One
does not see how the assumption of originally spatial sensations can explain
our optical cognitions, when in the last resort those who believe in these
very sensations find themselves obliged to assume that they are overcome by
our better judgment, based on experience."

These words, coming from such a quarter, necessarily
carry great weight. But the authority even of a Helmholtz
ought not to shake one's critical composure. And the
moment one abandons abstract generalities and comes to
close quarters with the particulars, I think one easily sees
that no such conclusions as those we have quoted follow
from the latter.

Helmholtz's (and Wundt's) argument in brief is this, that
since our spatial interpretation of certain optical sensations
is altered by ideas or other sensations alongside of the
former, this spatial interpretation could never have been an
original element of the sensations as such, but must always
have been what it proves itself now to be, an inference, made
unconsciously from a number of premisses.

Profitably to conduct the somewhat tedious discussion, I
must divide the instances into groups. But the room
vouchsafed me in this number of MIND is already ex-
hausted, and the discussion of. the facts relied on by these
authors had best form the. opening section of my fourth
and final article.

23
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